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1.0 INTRODUCTION 
The development of finding clean alternatives to power generation is crucial due to the raising global demand 
for green energy sources as an alternative to depleted fossil fuels (El-Badri, 2010). Photovoltaic or solar energy 
is an emerging alternative that has a potential of clean solution to this issue. Moving toward the latest 
technology, earlier studies were deployed in developing solar cell technology using crystalline. Crystalline 
materials were thought to have a prospect as an alternative source of energy but it was costly. The idea of thin 
film materials was later discovered and soon it has captured the attention of many solar cell developers (Olivia, 
1998). Dye sensitized solar cell (DSSC) was such an attempt of using thin film materials in solar cell. It was first 
developed by O’Regan and Gratzel (Lanlan et al., 2010) and later it has attracted more interests due to its low 
cost and simple fabrication process. This was followed by rigorous studies to improve the cost of solar cell 
development. Further progress was made with the invention of DSSC using titanium dioxide (TiO2) thin film, 
thus, generating a new technology for converting light energy into electrical energy (Lanlan et al., 2010). It has 
been recorded that DSSC using TiO2 as a thin film substance showed up to 7.1 % in efficiency (i.e. solar cell 
output efficiency) under solar illumination with dye photo physics and electrolyte redox chemistry (Yeji et al., 
2010).  
 Currently, TiO2 material is widely adopted as the best alternative material in producing electrode for the 
DSSC. DSSC device comprises a large band gap semiconductor nanocrystalline electrode. The band gaps of the 
bulk TiO2 are 3.0eV for rutile phase and 3.2eV for anatase phase. The porous TiO2 film has achieved energy 
conversion efficiency of about 11.1% (Yeji et al., 2010) and (Tsokos, 2008). In regard to this and due to its high 
refractive index, TiO2 have been widely used in painting, coatings, plastics and optical industries (Stucky and 
Bartl, 2010) and (Reijnders, 2009). Beside TiO2, investigations on amorphous silica (SiO2) nanoparticles 
(particles< 100 nm) have been carried out in determining its performance and level of energy efficiency. 
However, in considering its environmental effects, research on this material has been aborted as the material is 
hazardous to mankind (Reijnders, 2009). Further research was conducted to develop another alternative 
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material for DSSC fabrication using zinc oxide (ZnO) nanoparticles. Findings from the research show that ZnO 
has the potential to be an alternative electrode material because of its wide band gap (i.e. 3.37eV) which is 
comparable to TiO2 material. Moreover, ZnO with flat band potential, higher than TiO2, is very much beneficial 
for enhancing the cell’s open circuit photo voltage at 60Mv of excitation binding energy (Pawar et al., 2009). ZnO 
is also known for its electrical and optical properties, low cost, non-toxicity, and relatively low deposition 
temperature (Shen et al., 2010) making it a promising alternative. 
In lieu to the above, the current work initiates to explore on the possibility to develop an alternative 
material for fabrication a low cost DSSC. Zinc acetate dehydrate was used as a starting or precursor material to 
producing zinc oxide. This was followed with the study on thin film application. There are several techniques 
available to produce thin film for the solar cell such as magnetron sputtering, pulsed laser deposition, spray 
pyrolysis, thermal evaporation and sol-gel route (Musil et al., 2005), (Bao et al., 2005), (Nakaruk et al., 2010), 
(Shah et al., 2009), (Rani et al., 2008), (Micheal et al., 1982), (Fouad et al., 2006), (Hench and West, 1990). In this 
work, the study has focused on synthesized zinc oxide powder by using sol-gel route technique. This technique 
was chosen since it is cheap, processing can be done at low operating temperature while offering high 
uniformity and easy controlled reaction (Brinker and Scherer, 1990). Microstructure analysis was carried out 
for two different heat treated samples (i.e. ZnO treated at 250ºC and 500ºC) to determine the annealing 
condition of the samples. These samples were further analyzed using particle size analyzer, X-RAY 
Diffractometer (XRD) XPERT-PRO with Cu-Kα radiation (λ=1.54060) and Energy Dispersive X-Ray Spectrometry 
(EDS). Energy Dispersive X-Ray Spectrometry (EDS) was conducted using a scanning electron microscope (SEM) 
machine, EVO 50 ZEISS-7636. 
Dye is normally used to excite the photon junction semiconductor mechanism. The most efficient 
sensitizer dye that has been used for the fabrication of DSSC is ruthenium polypyridyl complex (Grätzel, 2003). 
Other sensitizer dyes widely used are N719 ethanol dye (Lanlan et al., 2010) and Eosin-Y dye (Rani et al., 2008). 
Recent researches have shown that natural dyes can be used as a sensitizer replacing the ruthenium complex 
(Grätzel, 2003) and (Nazeeruddin et al., 2011). This includes leaves and flowers with colour pigment detectable 
in red-to-blue spectrums. Good examples of source of natural dye are dragon fruit (Hylocereus costaricensis) 
and raspberries (Riyaz and Nafarizal, 2010). Therefore, for the current work, dragon fruit was used in extracting 
the natural dye due to its high availability factor in Malaysia.  
 
 
2.0 MATERIALS AND METHODS 
 
2.1 Preparation of Zinc Oxide Powder 
The zinc oxide porous solution was prepared by dissolving zinc acetate dehydrate, Zn(CH3COO)22H2O in 
an acetic acid solution at room temperature (28 ± 5oC). A milky solution was formed and by using sol-gel 
route technique, clear solution was obtained by magnetic stirring. The prepared solution was found to be 
stable and colourless without turbidity. The heating was done at 90 ± 5°C until the solution evaporated 
leaving white particles in the beaker. During this period of time, white ZnO precipitates were slowly 
formed by settling down at the bottom of the beaker. The heating process was continued (90 ± 5°C) until 
formation of particles in gel-like paste was observed. The gel-like paste was then annealed in the oven at 
90 ± 5°C for approximately 8 hours to form ZnO porous. This sample was then divided into two and given 
further annealing treatment at two different temperatures; i.e. 250ºC and 500ºC. A detailed elucidation of 
the structure and composition was carried out using various characterization techniques. Surface 
morphology and the particle size of the ZnO substance were analyzed through SEM (model: EVO 50 
ZEISS-7636) and particle size analyzer. Before taking the SEM images, the samples were coated with a 
thin layer of gold using ion sputtering (model: JEOL, JFC-1600). All observing conditions were performed 
at room temperature of 28 ± 5 oC and at humidity level of 80 ± 10 %. X-ray diffraction (XRD) of the 
samples was obtained using a XPERT-PRO with Cu-Kα radiation (λ=1.54060). Quantitative analysis of 
elements was done by energy-dispersive X-ray (EDX) measurements. 
 
2.2  Preparation of ZnO Electrodes and Counter Electrode  
ZnO powder was chunked into small particles followed by 15ml addition of ethanol. The mixture (i.e. ZnO 
powder and ethanol) was mixed uniformly until it produced a well uniform ZnO paste. The paste was 
carefully deposited onto a 2 x 2 cm2 indium tin oxide (ITO) glass to form the electrode, Figure 1(a). By 
means of using a hot place, the ZnO electrode was heated up to 150 ± 5°C for approximately 15 minutes. 
This was done to harden the ZnO paste on the ITO glass while indirectly enhancing the bonding 
characteristics (i.e. ZnO paste against the ITO glass). For the purpose of preparing the natural dye, pieces 
of fresh dragon fruit flesh with weight approximately 50 grams is mixed into 50 ml distilled water at room 
temperature of 28 ± 5oC, Figure 1(b). The mixture is further blended using an electric blender (model: 
Braun AG, type 4-172) for 10 minutes until a homogenous colour (i.e. dark pink) is seen by the naked eye. 
When this is achieved, the harden ZnO electrode is dipped into the dye solution for 24 hours, Figure 1(c). 
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For the purpose of preparing the counter electrode, graphite is deposited on the conducting surface of 
another virgin ITO glass, Figure 1(d). This was followed by treating both the opposite surfaces of the 
electrode and counter electrode with sulphuric acid. The two sides of ITO glasses that had been treated 
with sulphuric acid were then sandwiched securely together, Figure 1(e). The whole DSSC is left to dry at 
room temperature at 28 ± 5oC for about one hour before it was evaluated. 
 
 
 
 
 
 
                        (a)                                                              (b)                                            (c)                                           (d)                                               (e) 
Figure 1: Preparation of the Dye Sensitized Solar Cell, (a) ZnO electrode preparation, (b) Fresh dragon fruit, (c) ZnO electrode coated with 
dragon fruit dye, (d) Counter electrode preparation, (e) Prepared DSSC. 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1  Particle Size Analyzer 
Particle size analysis test was conducted on two samples of ZnO treated at different temperatures of 
250ºC and 500ºC. The results of the particle size and its distribution are presented in Figure 2. From 
Figure 2(a) & Figure (b), ZnO sample at 250ºC shows the average size of the particle was between 100µm 
to 500µm. For the ZnO sample at 500ºC, the average size of particle was between 2µm to 20µm. From the 
result, it shows that ZnO sample annealed at 500ºC gave far finer particle than the one annealed at 250ºC. 
Consequently, the 500ºC annealed samples with smaller particle size gave large surface area of contact 
and large absorptive character compared to ZnO sample annealed at 250ºC. Based on this observation, 
ZnO annealed at 500ºC was selected for further fabrication of dye sensitized solar cell. 
 
 
 
 
 
 
 
 
 
 
 
 
               
(a)                                                                                                                  (b) 
Figure 2: Particle size distribution of ZnO at different temperatures, (a) 250ºC, (b) 500ºC. 
 
3.2 Scanning Electron Microscope analysis 
Based on the images obtained by SEM, the ZnO particles were thin flakes of very fine particles that were 
agglomerated jointly. This was due to the formation of carbonates or carboxylate ions from the acetic acid 
or other hydroxyl ions. This finding was similar to other findings as reported by Rani et al., (2008). The 
ZnO powder which was annealed at 250ºC [c.f. Figure 3(a)] shows the morphology was rougher as 
compared to ZnO annealed at 500ºC, Figure 3(d). At higher magnifications, the amount of synthesising 
reaction that occurs for both samples can be seen clearly [c.f. Figure 3(b), Figure 3(c), Figure 3(e) and 
Figure 3(f)].  
Upon SEM anaylsis, it was found that ZnO powder sample annealed at 500ºC had smaller particle 
size and the reaction growth was more symmetrical as compared to ZnO sample at 250ºC. The uniformity 
in particle size and finer surface area makes ZnO annealed at 500ºC [c.f. Figure 3(f)] in better advantage 
compared to sample annealed at 250ºC [c.f. Figure 3(c)]. 
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                                                    (a)                                                                                    (b)                                                                                       (c) 
 
 
 
 
 
 
 
 
 
 
 
 
                                                    (d)                                                                                     (e)                                                                                  (f) 
Figure 3: SEM images of ZnO at different temperatures and magnifications, (a) ZnO at 250ºC, 20X, (b) ZnO at 250ºC, 3000X,  
(c) ZnO at 250ºC, 5000X, (d) ZnO at 500ºC, 20X, (e) ZnO at 500ºC, 3000X, (f) ZnO at 500ºC, 5000X.  
 
3.3 XRD Pattern Analysis 
From Figure 4(a) ZnO sample annealed at 250ºC gave a non uniform diffraction pattern compared to ZnO 
powder annealed at 500ºC. However, ZnO at 250ºC did not exhibit any true character. Part of it was 
transformed back to the zinc acetate. This is due to the insufficient annealing heat which was not high 
enough to fully oxidize the sample, and the sudden exposure to the environment had caused the 
intermolecular structure to return to its initial condition. ZnO oxide powder annealed at 500ºC gave a 
more promising result as shown in the X-RAY diffraction, Figure 4(b). From the figure, it shows that the 
intensity of absorption of ZnO sample annealed at 500ºC lies between position 30º to 40º on a hexagonal 
plane at º2Theta measurement. Therefore, ZnO sample at 500ºC was selected as a thin film material to 
fabricate the DSSC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                        (a)                                                                                                                           (b) 
Figure 4: XRD patterns of ZnO powder at different temperatures, (a) 250ºC, (b) 500ºC. 
 
3.4 Energy Dispersive X-Ray Spectrometry Analysis 
From the results obtained in Figure 5(a) and Figure 5(b), it was found that there was carbon impurity in 
both samples. For ZnO sample at 250ºC, the weight by percentage of carbon impurity was about 16.49% 
while the atomic weight was about 33.07%. For ZnO sample at 500ºC, the weight by for carbon impurity 
was about 5.82% and atomic weight was about 17.43% which is significantly lower than 250ºC ZnO 
sample. This shows that the amount of the impurities can be reduced when the sample is heat treated at a 
higher temperature. The above results also show that the 500ºC ZnO sample has a higher atomic 
percentage of Zn and O composition in the sample as compared to  ZnO sample at 250ºC. In other words, 
ZnO sample at 500ºC gives better quality amount of ZnO which is vital in producing an effective thin 
porous film of ZnO for DSSC. Thus, this is the main reason ZnO sample at 500ºC was selected as the 
substrate for producing a thin porous film of DSSC. 
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                                                                                  (a)                                                                                                                         (b) 
Figure 5: EDS spectrums of ZnO at different temperatures, (a) 250ºC, (b) 500ºC. 
 
3.5 I-V Curve Analysis  
The testing for the DSSC was carried out to determine the voltage and current generated by the solar cell. 
Theoretically, short circuit current (Isc) and open circuit voltage (Voc) represents the maximum 
photocurrent and photovoltage of the fabricated DSSC. The maximum power of a solar cell can be found 
using Equation 1. 
 
Pmax = Imax x Vmax                                                                       (1) 
 
 The fill factor (FF) of a solar cell is expressed using Equation 2. 
        
  FF = Pmax / (Isc x Voc)                                        (2) 
 
Thus, the efficiency of the solar cell is the measurement of the electrical power generated by DSSC 
divided by the solar power distributed on the surfaces of DSSC. Taking the solar power (i.e. natural 
sunlight intensity) per unit area square to be 1mW/mm2 and the surface size of the DSSC to be 20 x 20 
mm2, the nett solar power in mili Watts is expressed in Equation 3. 
   
Psolar nett = 1mW/mm2 x 20mm x 20mm = 400mW                     (3) 
 
Correspondingly, the measurements of voltage and current were taken at every 5 minutes of time 
interval for a total duration of 30 minutes where the DSSC was subjected to direct sunlight (i.e. DSSC was 
placed 90 degrees below the sun light). From Figure 6, theoretically, it can be said that the transient 
photocurrents generated are almost consistent per unit time. The transient current decreased 
proportionately with increase in its resistance. The instantaneous current was at maximum with zero 
internal resistance and decayed when the internal load resistance becomes very large. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Theoretical graph of I-V curve showing Isc, Voc, Imax & Vmax for determining Pmax and FF 
 
By merging all the values into a single graph as per Figure 7, the graph shows that the current and 
voltage of DSSC are found to be consistent with varied times. The efficiency (η) of the fabricated DSSC is 
expressed in Equation 4. 
    
 η = Pmax / Psolar nett                                                                                                                                                                                                                                                               (4) 
  
 Making Pmax as the subject in Equation 2 and substituting it in Equation 4 the following is obtained: 
 
 η = (FF x Isc x Voc) / Psolar nett                                                                                                                                                   (5) 
 
Element Weight % Atomic%
C  16.49  33.07 
O  31.80  47.87 
Zn  51.71  19.05 
Total   100.00  100.00 
 Element Weight % Atomic%
C  5.82  17.43 
O  18.13  40.75 
Zn  76.04  41.82 
Total   100.00  100.00 
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Knowing the values of Imax and Vmax from Figure 6, Pmax is computed using Equation 6 which is as 
follow: 
 
 Pmax = Imax x Vmax = 1mA x 100mV = 100mW                                                                                                                    (6)  
 
In regard to this, values of Isc and Voc are determined from Figure 6 and the field factor is computed 
using Equation 2 where: 
 
 FF = (1mA x 100mV) / (1.3mA x 275mV) = 0.28                                                                                                           (2’) 
 
Lastly, with Isc = 1.3mA, Voc = 275mV, FF = 0.28 and Psolar nett = 400mW, the efficiency of the 
fabricated DSSC is computed using Equation 5 where η = 25%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: I–V curves for the fabricated DSSC using two ITO glasses with one electrode coated with graphite and the other coated 
with ZnO powder annealed at 500ºC and treated with natural dragon fruit dye 
 
 
4.0    CONCLUSION 
This work has successfully established the cost effective method of producing an effectual dye sensitized solar 
cell using ZnO and natural dye. The synthesis of ZnO was carried out using sol- gel route technique in producing 
zinc acetate dehydrates that was successfully transformed into ZnO material. The DSSC produced had an 
efficiency of about 25%, a positive result as compared to other findings. This clearly shows that the ZnO material 
has the ability to be an alternative material to TiO2 in fabricating a low cost DSSC. ZnO powder annealed at 500 
ºC was found to be more effective compared to one annealed at 250ºC. Higher temperature annealing condition 
gave significant outcome in producing higher grade of ZnO with reduced impurity and increased absorption 
intensity. The result shows that ZnO and natural dye have a promising application in the fabrication of dye 
sensitized solar cell. 
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